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CONFOCAL MICROSCOPE AND
MULITPHOTON EXCITATION MICROSCOPE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a confocal microscope and
to a multiphoton excitation microscope.

This application 1s based on Japanese Patent Application
No. 2006-145075, the content of which 1s incorporated herein
by reference.

2. Description of Related Art

A confocal microscope according to the related art 1s dis-
closed, for example, 1n Japanese Unexamined Patent Appli-
cation, Publication No. HEI-8-271792 and US Patent Appli-
cation No. 2004/0113039.

Japanese Unexamined Patent Application, Publication No.
HEI-8-271792 discloses a confocal microscope in which
laser light 1s two-dimensionally scanned with two galvanom-
eter mirrors, and fluorescence returning via the galvanometer
mirrors 1s detected with a light detector such as a photomul-
tiplier tube.

US Patent Application No. 2004/0113059 discloses a con-
tocal microscope 1n which a digital mirror array device and a
one-axis galvanometer mirror are provided 1n a common light
path of illumination light and detection light, and a beam
having a straight-line shape 1n cross-section 1s imaged on the
digital mirror array device. Laser light 1s two-dimensionally
scanned on the surface of a specimen based on the on/off
operation of the digital mirror array device and the rocking
motion of the galvanometer mirrors, and fluorescence return-
ing via the digital mirror array device and the galvanometer
mirror 1s detected by a one-dimensional line sensor.

However, when the laser light i1s two-dimensionally
scanned with the galvanometer mirror, because the driving
speed of the galvanometer mirror 1s delayed, a comparatively
long time 1s required for acquiring one single 1image, which 1s
not compatible with observing a fast response of the speci-
men.

Also, when the fluorescence 1s emitted from the specimen
surface and returns via the galvanometer mirror, the focal
position of the fluorescence focused on the light detector or
the line sensor does not move, and therefore, when construct-
Ing an 1mage, 1t 1s necessary to synchronize the light detector
or the line sensor with the scanning position of the galvanom-
cter mirror and/or the digital mirror array device. Therefore, 1t
1s necessary to perform complicated control of the light detec-
tor or the line sensor, and 1t 1s thus not possible to directly use,
for example, a commercially available two-dimensional CCD
camera.

BRIEF SUMMARY OF THE INVENTION

The present invention provides a confocal microscope and
a multiphoton excitation microscope which can acquire a
high-resolution confocal image or multiphoton-excitation
image and which can use a commercially available CCD
camera.

A first aspect of the present invention 1s a confocal micro-
scope comprising a light source; a light scanning unit config-
ured to scan illumination light from the light source 1n one
direction on a specimen; an array device 1 which are two-
dimensionally arrayed a plurality of elements whose light
reflecting or transmitting state can be electrically controlled;
a line-beam generating unit configured to 1mage the 1llumi-
nation light from the light source in the form of a line extend-
ing, on the array device, 1n a direction intersecting a scanning
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2

direction of the light scanning unit; an objective lens config-
ured to image the 1llumination light reflected or transmitted at
the array device on the specimen; a beamsplitter, between the
array device and the light scanning unit, configured to split off
from the 1llumination light detection light returning from the
specimen via the objective lens and the array device; a two-
dimensional image-acquisition unit configured to acquire the
detection light split off by the beamsplitter; and a control unit
configured to control the light scanning unit and the array
device, wherein the array device 1s disposed 1n an optically
conjugate positional relationship with a focal plane of the
objective lens, and the control unit performs control so as to
synchronize the light scanning unit and the array device.

According to the aspect described above, the 1llumination
light emitted from the light source 1s scanned 1n one direction
by the operation of the light scanning unit and 1s imaged onto
the elements of the array device in the form of a straight line
extending 1n a direction intersecting the scanning direction of
the light scanning unit by the operation of the line-beam
generating unit. The illumination light retlected or transmiut-
ted at the elements of the array device 1s focused by the
objective lens and 1s 1maged onto the specimen, which 1s
disposed 1n an optically conjugate positional relationship
with the array device.

Therefore, the specimen 1s 1rradiated with the entire beam
imaged 1n the form of a straight line or a portion of the beam,
according to the state of the elements. The detection light,
such as reflection light retlected at the specimen or fluores-
cence generated by exciting the specimen, returns via the
objective lens and the array device, 1s split off from the 1llu-
mination light by the beamsplitter before it returns to the light
scanning unit, and 1s detected by the two-dimensional 1image-
acquisition unit. Returning the light via the array device
allows the elements on the array device to function as a
confocal pinhole, and therefore, it 1s possible to acquire a
clear image of the specimen located at the focal plane of the
objective lens.

In this case, because the detection light does not return to
the light scanning unit but 1s instead split off from the 11lumi-
nation light, when the 1llumination light 1s scanned 1n one
direction by the light scanning unit, the detection light 1s also
scanned 1n one direction on the two-dimensional 1mage-ac-
quisition unit. Because the array device and the light scanning
umt are synchronously controlled by the control unit, the
1llumination position on the specimen and the detection posi-
tion of the detection light on the two-dimensional 1mage-
acquisition unit are 1n one-to-one correspondence. Therefore,
it 15 possible to acquire two-dimensional 1mage information
without performing any special or complicated control in the
two-dimensional 1mage-acquisition unit, and therefore, 1t 1s
possible to employ a commercially available two-dimen-
sional 1mage-acquisition unit, such as a CCD camera.

In the aspect of the imvention described above, the beam-
splitter may be disposed 1n an optically conjugate position
with respect to a pupil position of the objective lens and may
spatially separate the illumination light and the detection
light.

With this configuration, compared to a case 1n which the
light 1s separated based on wavelength, for example, using a
dichroic mirror, 1t 1s possible to separate the 1llumination light

and the detection light with a simple configuration, like a slit,
independently of wavelength.

In the aspect of the invention described above, the control
unit may control the array device so that elements where the
straight-line-shaped beam 1s 1maged and elements close
thereto are 1n the same operating state.
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With this configuration, by placing the plurality of ele-
ments close to the line beam 1n the same operating state, 1t 1s
possible to increase the pinhole diameter, which allows a
brighter image to be acquired.

In the aspect of the mvention described above, the line-
beam generating unit may be formed of a cylindrical lens, and
the cylindrical lens may be disposed on the light source side
of the light scanning unit.

With this configuration, it 1s possible to keep the 1llumina-
tion light incident on the cylindrical lens stationary, and there-
fore, only good on-axis performance of the cylindrical lens
need be ensured. Therefore, the optical design can be simpli-
fied.

In the aspect of the invention described above, after the
control unit activates only some of the elements correspond-
ing to the position where the straight-line-shaped beam 1s
imaged on the array device and scans the straight-line-shaped
beam, the control unit may activate elements different from
the above-mentioned activated elements and scan the
straight-line-shaped beam.

With this configuration, 1t 1s possible to achieve a confocal
cifect also 1n the longitudinal direction of the line beam,
which allows a high-resolution 1image to be acquired.

The aspect of the invention described above may further
comprise a wavelront converting device, between the array
device and the objective lens, configured to adjust a focal
position on the specimen 1n an optical axis direction.

With this configuration, it 1s possible to adjust the focal
position on the specimen 1n the optical axis direction using the
wavelront conversion device, which allows three-dimen-
sional 1mage information to be acquired.

The aspect of the invention described above may further
comprise a second light scanning unit configured to scan
stimulus light, for 1rradiating the specimen, 1n one direction
on the specimen; a second array device 1in which are two-
dimensionally arrayed a plurality of elements whose light
reflecting or transmitting state can be electrically controlled;
a second line-beam generating unit configured to 1mage, on
the second array device, the stimulus light in the form of a
straight line extending in a direction intersecting the scanning
direction of the second light scanning unit; an optical com-
ponent configured to establish a conjugate relationship
between the second array device and a focal plane of the
objective lens; and a second control unit configured to control
the operating states of each element i1n the second array
device, wherein by scanming the line beam with the second
light scanning unit, the stimulus light 1s radiated at positions
on the specimen that correspond to activated elements 1n the
second array device.

With this configuration, the optical stimulus can be quickly
applied to any plurality of points (1individual points or areas),
and 1t 1s therefore possible to observe a fast response of the
specimen to the optical stimulus.

A second aspect of the present invention 1s a multiphoton
excitation microscope comprising an ultrashort pulsed laser
light source; a light scanning unit configured to scan
ultrashort pulsed laser light from the ultrashort pulsed laser
light source 1n one direction on a specimen; an array device 1n
which are two-dimensionally arrayed a plurality of elements
whose light reflecting or transmitting state can be electrically
controlled; a line-beam generating unit configured to image
the ultrashort pulsed laser light from the ultrashort pulsed
laser light source 1n the form of a straight line extending, on
the array device, in a direction intersecting the scanming
direction of the light scanning unit; an objective lens config-
ured to 1mage, on the specimen, the ultrashort pulsed laser
light retlected or transmitted at the array device; a beamsplit-
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ter, between the objective lens and the array device, config-
ured to split off fluorescence generated 1n the specimen and
collected by the objective lens; a two-dimensional 1mage-
acquisition unit configured to acquire the fluorescence split
off by the beamsplitter; and a control unit configured to con-
trol the light scanning unmit and the array device, wherein the
control unit performs control so as to synchronize the light
scanning unit and the array device.

According to the aspect described above, the ultrashort
pulsed laser light emitted from the ultrashort pulsed laser
light source 1s scanned 1n one direction by the operation of the
light scanning unit and 1s 1imaged onto the elements of the
array device in the form of a straight line extending in a
direction intersecting the scanning direction of the light scan-
ning unit by the operation of the line-beam generating unait.
The ultrashort pulsed laser light reflected or transmitted by
the elements of the array device 1s focused by the objective
lens and 1s 1maged at the focal plane of the objective lens,
which 1s disposed 1n an optically conjugate positional rela-
tionship with the array device.

As a result, a multiphoton excitation effect 1s produced 1n
the specimen and fluorescence 1s generated only 1n a thin
region in the vicinity of the focal plane of the objective lens.
The generated fluorescence 1s collected by the objective lens,
1s split off by the beamsplitter before reaching the array
device, and 1s acquired by the two-dimensional 1image-acqui-
s1tion unit.

Because fluorescence 1s produced only in a thin region
along the focal plane due to the multiphoton excitation effect,
it 1s possible to acquire a clear fluorescence 1image of the
specimen.

In this case, because the detection light 1s split off from the
ultrashort pulsed laser light without returning to the array
device, when the ultrashort pulsed laser light 1s scanned 1n one
direction by the light scanning unit, the detection light 1s also
scanned 1n one direction on the two-dimensional 1mage-ac-
quisition unit. Because the array device and the light scanning
unmit are synchronously controlled by the control unit, the
irradiation position of the ultrashort pulsed laser light on the
specimen and the detection position of the fluorescence on the
two-dimensional 1mage-acquisition unit are in one-to-one
correspondence. Therefore, 1t 1s possible to acquire a two-
dimensional fluorescence image without conducting special
or complicated control 1n the two-dimensional 1mage-acqui-
sition umt, and therefore, it 1s possible to employ a commer-
cially available two-dimensional image-acquisition unit,
such as a CCD camera.

The present invention affords an advantage in that it 1s
possible to acquire a high-resolution confocal 1mage or mul-
tiphoton excitation 1mage and it 1s not necessary to perform
complicated control of a detector, thus allowing a commer-
cially available CCD camera to be used.

.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIGS. 1A and 1B are optical diagrams showing the princi-
pal components of a confocal microscope according to an
embodiment of the present invention, wherein FIG. 1A 1s an
clevational view and FIG. 1B 1s a plan view.

FIGS. 2A and 2B are diagrams for explaining the operating
states of a digital mirror array device in the confocal micro-
scope shown 1n FIG. 1A and FIG. 1B. FIG. 2A shows an
operating state 1n which substantially an entire column at the
lett side 1s turned on, and FIG. 2B shows an operating state 1n
which substantially an entire column near the center 1s turned
On.
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FIGS. 3A to 3D are diagrams for explaining operating
states of the digital mirror array device 1n the confocal micro-
scope shown 1n FIG. 1A and FIG. 1B. FIG. 3A and FIG. 3C
show an operating state 1n which part of the column at the left
side 1s turned on, and FIG. 3B and FIG. 3D show an operating
state 1n which part of the row near the center 1s turned on.

FIG. 4A and FIG. 4B show operating states, similar to FIG.
2A and FIG. 2B, 1n which mirror elements surrounding the
irradiation position of the laser light are also turned on.

FIG. SA and FIG. 5B show operating states, similar to
FIGS. 3A to 3D, in which mirror elements surrounding the
irradiation position of the laser light are also turned on.

FIG. 6 A and FIG. 6B show a first modification of the
confocal microscope shown in FIG. 1A and FIG. 1B.

FIG. 7A and FIG. 7B are optical diagrams showing the
principal components of a multiphoton excitation microscope
according to an embodiment of the present invention, wherein
FIG. 7A 1s an elevational view and FIG. 7B 1s a plan view.

FIG. 8A and FIG. 8B show a varniable-light-stimulus con-
focal microscope, as a second modification of the confocal
microscope shown in FIG. 1A and FIG. 1B, wherein FIG. 8A

1s an elevational view and FIG. 8B 1s a plan view.

FIG. 9 shows an operating state of the digital mirror array

device during optical stimulation with the configuration 1n
FIG. 8A and FIG. 8B.

FIG. 10A and FIG. 10B show, as a third modification of the

confocal microscope shown in FIG. 1A and FIG. 1B, an
example 1n which an 1mage guide 1s disposed at the focal
plane of an objective lens, wherein FIG. 10A 1s an elevational
view and FIG. 10B 1s a plan view.

DETAILED DESCRIPTION OF THE INVENTION

A confocal microscope 1 according to an embodiment of
the present invention will be described below with reference
to the drawings.

The confocal microscope 1 according to this embodiment
1s a laser-scanning confocal microscope.

As shown 1n FIG. 1A and FIG. 1B, the confocal micro-
scope 1 according to this embodiment includes a laser light
source (light source; not shown in the drawing) for generating
laser light L ; a light scanning unit 2 for one-dimensionally
scanning the laser light [, tfrom the light source 1n one direc-
tion; a cylindrical lens (line-beam generating unit) 3 for con-
verting the laser light L, scanned by the light scanning unit 2
into a beam 1maged 1n the form of a straight line; a digital
mirror array device (array device) 4 in which a plurality of
mirror elements (elements) 4a that can be switched on and off
are two-dimensionally arrayed; an objective lens 3 for focus-
ing the laser light L, reflected by the mirror elements 4a 1n the
digital mirror array device 4 (see FIG. 2A and FIG. 2B) to
image 1t at a specimen A; a beamsplitter 6 for splitting off
from the laser light L, fluorescence F returning from the
specimen A; two-dimensional CCD cameras (two-dimen-
sional 1mage-acquisition units) 7 for imaging the split-off
fluorescence F; and a control unit 8 for controlling the light
scanning unit 2 and the digital mirror array device 4. In order
to simplify the drawings, in FIG. 1A and FIG. 1B, the reflec-
tive-type digital mirror array device 4 1s replaced with a
transmissive type.

The light scanning unit 2 1s, for example, an acousto-optic
scanner. By changing the diffraction direction according to
the frequency of an 1nput ultrasonic wave based on a control
signal from the control unit 8, the light scanning unit 2
changes the emission direction of the incident laser light L,
thereby enabling scanning 1n one direction.
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The digital mirror array device 4 1s disposed 1n a conjugate
positional relationship with respect to the focal plane of the
objective lens 5. Therefore, with the focal plane of the objec-
tive lens 5 located inside the specimen A, when the straight-
line-shaped laser light L, 1s scanned 1n one direction by oper-
ating the light scanning unit 2, the laser light L., 1s scanned 1n
one direction on the specimen A and the digital mirror array
device 4.

As shown i FIG. 2A and FI1G. 2B, the digital mirror array
device 4 1s formed of the plurality of two-dimensionally
arrayed mirror elements 4a, which can be switched on and
off. The laser light L, incident on the mirror elements 4a that
are set 1n the on state 1s directed towards the specimen A upon
reflection by those mirror elements 4a. The laser light L,
which 1s incident on the mirror elements 4a that are set in the
off state, upon reflection by those mirror elements 4a, 1s
directed 1n a different direction 1n which 1t 1s not incident on
the specimen A.

As 1ndicated by the hatching 1n FIG. 2A and FIG. 2B, by
turning on one column of the mirror elements 4a correspond-
ing to the image-forming position of the straight-line-shaped
laser beam L, 1t 1s possible to direct all of the incident laser
light [, towards the specimen A. The arrow 1n the drawings
indicates a moving direction of the column of mirror elements
da that are switched on (the scanning direction of the laser
light L, by the light scanning unit 2).

As shown by the hatching in FIGS. 3A to 3D, by turning on
some ol the mirror elements 4a 1n the column of mirror
clements 4a corresponding to the image-forming position of
the straight-line-shaped laser light L, 1t 1s possible to direct
some of the incident laser light L, towards the specimen A.

Returning to FIG. 1A and FI1G. 1B, relay lenses 9 and 10 are
disposed between the cylindrical lens 3 and the beamsplitter
6, and between the beamsplitter 6 and the digital mirror array
device 4, respectively. The relay lenses 9 and 10 are standard
spherical-surface lenses, and therefore, the laser light L,
imaged 1n the form of a line by the cylindrical lens 3 1s relayed
by the relay lens 9 to be re-imaged at the beamsplitter 6, and
1s then relayed by the relay lens 10 to be re-imaged on the
digital mirror array device 4.

An 1image-forming lens 11 1s disposed between the digital
mirror array device 4 and the objective lens 5. The 1mage-
forming lens 11 images the laser light L, reflected at the
digital mirror array device 4 at a pupil position 12 of the
objective lens 5.

The beamsplitter 6 1s disposed at an optically conjugate
position with respect to the pupil position 12 of the objective
lens 5 and 1s provided, at the on-axis position thereot, with a
slit 6a for transmitting the laser light L., converted to a line
shape by the cylindrical lens 3 and relayed by the relay lens 9.
A reflective surface 6b 1s provided at the specimen A side of
the beamsplitter 6 for reflecting the fluorescence F returning
from the specimen A.

The fluorescence F reflected by the beamsplitter 6 1s
focused by a focusing lens 13, 1s separated into each wave-
length by a dichroic mirror 14, and 1s acquired by two two-
dimensional CCDs 7 1n which image-acquisition surfaces are
disposed at the respective image-forming positions.

The control unit 8 synchronously controls the light scan-
ning unit 2 and the digital mirror array device 4. As described
above, the digital mirror array device 4 and the focal plane of
the objective lens 5 are disposed 1n an optically conjugate
positional relationship. The incident position of the laser light
L., on the digital mirror array device 4 1s changed by operating
the light scanning unit 2. Therefore, the control unit 8 can
reflect the laser light L, incident on the digital mirror array
device 4 towards the specimen A by synchronizing the scan-
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ning of the laser light L, by the light scanning unit 2 and the
turning on of the mirror elements 4a 1n the digital mirror array
device 4.

The operation of the confocal microscope 1 according to
this embodiment, having such a configuration, will be
described below.

To acquire a fluorescence 1mage of the specimen A using,
the confocal microscope 1 according to this embodiment, the
laser light L, 1s emitted from the laser light source (not shown
in the drawing). After passing via the acousto-optic scanner 2
in the form of a substantially collimated beam, the laser light
L, emitted from the laser light source 1s imaged 1n the form of
a straight line, extending 1n one direction, by the cylindrical
lens 3 and i1s relayed by the relay lens 9, whereupon 1t 1s
re-imaged 1n the form of a straight line extending in a direc-
tion orthogonal to the direction mentioned above.

The beamsplitter 6 1s disposed at this re-imaging position.
Since the beamsplitter 6 1s provided with the slit 6a for trans-
mitting the re-imaged laser light L,, all of the laser light L,
passes through the slit 6a 1n the beamsplitter 6, 1s relayed by
the relay lens 10, and 1s re-imaged 1n the form of a straight line
extending in the same direction as the image at the 1mage-
forming position of the cylindrical lens 3. The digital mirror
array device 4 1s disposed at this re-imaging position; there-
fore, by turning on the mirror elements 4a that match the
image-forming position of the laser light L., with the control
unit 8, 1t 1s possible to retlect the incident laser light L, to
direct 1t towards the specimen A. FIG. 2A shows commence-
ment of scanning of the line-shaped beam, and F1G. 2B shows
the operation during scanning.

After being 1imaged at the pupil position 12 of the objective

lens 5 by the image-forming lens 11, the laser light L, directed
towards the specimen A 1s focused by the objective lens 5 and
1s 1imaged at the focal plane thereof. Because the focal plane
of the objective lens 5 and the digital mirror array device 4 are
disposed 1n an optically conjugate positional relationship, the
laser light L, imaged at the focal plane also forms a straight-
line-shaped image extending in the same direction as the laser
light L., 1imaged on the digital mirror array device 4.
In the specimen A, the fluorescence F 1s generated by
exciting a fluorescent substance contained 1n the specimen A
at each position irradiated by the laser light L, . The generated
fluorescence F 1s emitted 1n all directions; a portion thereof 1s
collected by the objective lens 5, 1s substantially collimated,
passes through the pupil position 12 of the objective lens 5,
and 1s 1maged at the digital mirror array device 4 by the
image-forming lens 11. Because the digital mirror array
device 4 and the focal plane of the objective lens 5 are dis-
posed 1n an optically conjugate positional relationship, the
mirror elements 4a that are turned on function as a confocal
pinhole, and therefore, only the fluorescence F that 1s pro-
duced from the 1rradiation position of the laser light L, on the
tocal plane of the objective lens 3 1s reflected by the mirror
clements 4a that are turned on.

The fluorescence F reflected by the turned on mirror ele-
ments 4a 1n the digital mirror array device 4 1s incident on the
beamsplitter 6 after being converted to a substantially colli-
mated beam by the relay lens 10, and 1s reflected by the
reflective surface 65 of the beamsplitter 6. Because the slit 6a
1s provided 1n the beamsplitter 6, part of the fluorescence 1s
transmitted through the slit 64, but by forming the slit 6a to be
suificiently small, 1t 1s possible to retlect most of the fluores-
cence F. Accordingly, the fluorescence F 1s split off from the
laser light L.

After being focused by the focusing lens 13 and split into
cach wavelength by the dichroic mirror 14, the fluorescence F
split off from the laser light L, 1s acquired by the two-dimen-
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sional CCDs 7. Because the image-acquisition surfaces of the
two-dimensional CCDs 7 are also 1in an optically conjugate
positional relationship with the focal plane of the objective
lens S, a straight-line-shaped fluorescence 1mage generated at
the focal plane of the objective lens 5 1s directly acquired by
the two-dimensional CCDs 7 as straight-line-shaped fluores-
cence 1mages.

In this case, when the laser light L, 1s scanned by operating
the light scanning unit 2, the straight-line-shaped images on
the digital mirror array device 4 and the focal, plane of the
objective lens 3 are moved 1n a direction orthogonal to the
direction of those images. On the other hand, because the
beamsplitter 6 1s disposed 1n an optically conjugate positional
relationship with the pupil position 12 of the objective lens 5,
the 1mage of the laser light L, formed at the beamsplitter 6
does not move, even though the light scanning unit 2 is
moving, and 1s always coincident with the slit 6q.

Thus, because the control unit 8 synchronously controls the
digital mirror array device 4 and the light scanning unit 2 1n
this embodiment, the mirror elements 4a that correspond to
the image-forming position on the digital mirror array device
4, which moves according to the operation of the light scan-
ning unit 2, are switched on. Theretore, the laser light L,
scanned by the operation of the light scanning unit 2 1s always
reflected by the digital mirror array device 4, and 1t 1s thus
possible to move the laser light L., imaged in the form of a
straight line in the focal plane of the objective lens 5 1 a
direction orthogonal to the longitudinal direction thereof.

Thus, on the two-dimensional CCDs 7, the image-forming,
positions of the fluorescence F returning from the specimen A
are moved 1n directions orthogonal to the longitudinal direc-
tion of the fluorescence 1mages by operating the light scan-
ning unit 2. Therefore, by setting the 1image acquisition time
of the two-dimensional CCDs 7 to be suiliciently longer than
the scanning time of the light scanning unit 2, 1t 1s possible to
acquire a two-dimensional fluorescence image of the speci-
men A.

With the confocal microscope 1 according to this embodi-
ment, 1t 1s possible to acquire a two-dimensional fluorescence
image merely by scanning the laser light I, imaged 1n the
form of a straight line 1n one direction with the light scanning
umt 2, which 1s formed of an acousto-optic scanner. There-
fore, compared with a conventional confocal microscope 1n
which two-dimensional scanming 1s achieved with two galva-
nometer mirrors, 1t 1s possible to acquire a two-dimensional
fluorescence 1mage more quickly. Accordingly, an advantage
1s atforded 1n that 1t 1s possible to observe a fast response of
the specimen without missing it.

With the confocal microscope 1 according to this embodi-
ment, because the control unit 8 synchronously controls the
light scanning unit 2 and the digital mirror array device 4, it 1s
not necessary to perform special or complicated control for
the two-dimensional CCDs 7, which affords an advantage in
that 1t 1s possible to use commercially available CCDs.
Accordingly, the confocal microscope 1 can be constructed at
low cost.

In the confocal microscope 1 according to this embodi-
ment, the beamsplitter 6 for splitting the laser light L, and the
fluorescence F 1s a component that spatially separates the
light using the slit 6aq and the retlective surface 6b. Therelore,
an advantage 1s afforded in that 1t 1s possible to construct 1t
more simply and at lower cost than a beamsplitter that splits
the light based on wavelength, such as a dichroic mirror.

In the confocal microscope 1 according to this embodi-
ment, substantially one column of the mirror elements 4a of
the digital mirror array device 4 1s turned on so as to reflect all
of the straight-line-shaped laser light L, imaged by the cylin-
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drical lens 3. In addition, when operating the light scanning
unit 2 to scan the laser light L |, the column of mirror elements
da that 1s turned on 1n the digital mirror array device 4 1s
sequentially moved.

Instead of this, however, by turning on only some of the
mirror elements 4a where the straight-line-shaped laser light
L, 1s imaged, as shown in FIG. 3A to FIG. 3D, it 1s possible to

irradiate the specimen A with one or more spots of light.

In this case, as shown 1n FIG. 3A and FIG. 3B, the shaded
mirror elements 4q are turned on to perform a first scan, then
the mirror elements 4a to be turned on next are shifted one
row, as shown in FIG. 3C and FIG. 3D, to perform a second
scan. When this 1s repeated five times, scanning ol one screen
1s completed. Accordingly, 1t 1s possible to acquire an 1mage
exhibiting a confocal effect also with respect to the longitu-
dinal direction of the line beam.

In this embodiment, turning on only the column of mirror
elements 4a where the straight-line-shaped laser light L, 1s
imaged makes the digital mirror array device 4 function as a
confocal pinhole. However, as shown by the hatching in
FIGS. 4A to 5B, it 1s possible to simultaneously turn on not
only the mirror elements 4a at the image-forming position,
but also one or more columns of surrounding mirror elements
da neighboring them. By doing so, although the confocal
elfect 1s reduced, an advantage 1s atforded 1n that 1t 1s possible
to acquire a bright fluorescence 1mage whose depth of field 1s
increased according to the brightness of the specimen.

In the confocal microscope 1 according to this embodi-
ment, the laser light L, scanned by the light scanming unit 2 1s
made mcident on the cylindrical lens 3. Instead of this, how-
ever, as shown in FI1G. 6A and FIG. 6B, the cylindrical lens 3
may be disposed at the laser light source side of the light
scanning unit 2. With this configuration, the laser light L,
incident on the cylindrical lens 3 does not move, and therefore
only good on-axis performance of the cylindrical lens 3 need
be ensured. Therefore, an advantage 1s afforded 1n that 1t 1s
possible to simplify the optical design. Reference numeral 15
in the drawing 1s a relay lens.

In this embodiment, in the confocal microscope 1 formed
by detecting the tluorescence F from the specimen A after
traveling via the digital mirror array device 4, the digital
mirror array device 4 functions as a confocal pinhole. Instead
of this, 1t 1s possible to construct a multiphoton excitation
microscope 1' in which an ultrashort pulsed laser light source
(not shown 1n the drawing) that emits ultrashort pulses of
laser light L, 1s used, and as shown 1 FIG. 7A and FIG. 7B,
the fluorescence F 1s split oif by a dichroic mirror 16 disposed
between the image-forming lens 11 and the digital mirror
array device 4, before it returns to the digital mirror array
device 4, and 1s acquired by the two-dimensional CCD 7.
With this configuration, due to a multiphoton excitation
elfect, 1t1s possible to acquire a clearer and brighter multipho-
ton-excitation fluorescence 1mage.

As shown 1n FIG. 7A and FIG. 7B, a wavelront conversion
device (deformable mirror) 17 may be disposed between the
dichroic mirror 16 and the objective lens 5. With this configu-
ration, the focal plane of the objective lens 5 can be moved in
the optical axis direction, which allows a three-dimensional
fluorescence 1image of the specimen A to be acquired.

As shown 1n FIG. 8A and FIG. 8B, a dichroic mirror 18

may be disposed 1n a collimated light path between the image-
forming lens 11 and the objective lens 5 for combining opti-
cal-stimulus laser light L, with the observation laser light L, .
The optical-stimulus laser light L., like the observation laser
light L, travels along a path via a light-scanning unit 2'
formed of an acousto-optic scanner, a cylindrical lens 3, a
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digital mirror array device 4', and an 1image-forming lens 11°,
1s reflected by the dichroic mirror 18, and 1rradiates the speci-
men A.

Because the digital mirror array device 4' 1s conjugate with
respect to the specimen A, 1t 1s possible to radiate the laser
light L, only at positions on the specimen A corresponding to
the mirror elements 4a that are turned on. In other words, by
using the control unit 8 to turn on the mirror elements 44'
corresponding to locations on the specimen A to be irradiated
with stimulus light (any two-dimensional positions that are
separated from each other, such as a plurality of points or
areas; indicated by the shading 1n FIG. 9) and scan the line
1llumination using the acousto-optic scanner 2', the stimulus
light L, 1s guided towards the specimen A only at the positions
of the mirror elements 44’ indicated by the shading 1n FIG. 9.
By doing so, 1t 1s possible to quickly apply the optical stimu-
lus to a plurality of arbitrary locations (points or areas). Fur-
thermore, the degree of freedom for setting the stimulus posi-
tions 1s 1creased.

As shown 1n FIG. 10A and FIG. 10B, the focal plane of the
objective lens 5 may be aligned with one end of an 1mage
guide 19, and a small objective optical system 20 may be
disposed at the other end of the image gmide 19. With this
configuration, the tip of the image guide 19 can be inserted
inside a specimen such as a living organism, allowing 1n vivo
examination to be carried out.

Instead of the digital mirror array device, it 1s possible to
use a device 1n which elements whose light reflection (trans-
mission) state can be electrically controlled are two-dimen-
sionally arrayed, for example, a liquid crystal matrix array.

What 1s claimed 1s:

1. A confocal microscope comprising:

a light source;

a light scanning unit configured to scan illumination light
from the light source 1n one direction on a specimen;

an array device in which are two-dimensionally arrayed a
plurality of elements whose light reflecting or transmuit-
ting state can be electrically controlled;

a line-beam generating umt configured to 1image, on the
array device, the 1llumination light from the light source
in the form of a straight line extending in a direction
intersecting a scanning direction of the light scanning
unit;

an objective lens configured to image the 1llumination light
reflected or transmaitted at the array device on the speci-
men;

a beamsplitter, between the array device and the light scan-
ning unit, configured to split off from the 1llumination
light detection light returming from the specimen via the
objective lens and the array device;

a two-dimensional 1mage-acquisition unit configured to
acquire the detection light split off by the beamsplitter;
and

a control unit configured to control the light scanning unit
and the array device,

wherein the array device 1s disposed 1n an optically conju-
gate positional relationship with a focal plane of the
objective lens, and

the control unit performs control so as to synchronize the
light scanning unit and the array device.

2. A confocal microscope according to claim 1, wherein the
beamsplitter 1s disposed 1n an optically conjugate position
with respect to a pupil position of the objective lens and
spatially separates the illumination light and the detection
light.

3. A confocal microscope according to claim 1, wherein the
control unmit controls the array device so that elements where
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the straight-line-shaped beam 1s 1maged and elements close

thereto are 1n the same operating state.

4. A confocal microscope according to claim 1, wherein the
line-beam generating unit 1s formed of a cylindrical lens, and
the cylindrical lens 1s disposed on the light source side of the
light scanming unit.

5. A confocal microscope according to claim 1, wherein
after the control unit activates only some of the elements
corresponding to the position where the straight-line-shaped
beam 1s imaged on the array device and scans the straight-
line-shaped beam, the control unit activates elements differ-
ent from the activated elements and scans the straight-line-
shaped beam.

6. A confocal microscope according to claim 1, further
comprising a wavelront converting device, between the array
device and the objective lens, configured to adjust a focal
position on the specimen 1n an optical axis direction.

7. A confocal microscope according to claim 1, further
comprising:

a second light scanning unit configured to scan stimulus
light, for wrradiating the specimen, in one direction on
the specimen;

a second array device i which are two-dimensionally
arrayed a plurality of elements whose light reflecting or
transmitting state can be electrically controlled;

a second line-beam generating unit configured to image the
stimulus light, on the second array device, 1n the form of
a straight line extending in a direction intersecting the
scanning direction of the second light scanning unit;

an optical component configured to establish a conjugate

relationship between the second array device and a focal
plane of the objective lens; and

a second control unit configured to control the operating
states of each element 1n the second array device,
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wherein by scanning the line beam with the second light
scanning unit, the stimulus light 1s radiated at positions
on the specimen that correspond to activated elements 1n
the second array device.

8. A multiphoton excitation microscope comprising:

an ultrashort pulsed laser light source;

a light scanning unit configured to scan ultrashort pulsed
laser light from the ultrashort pulsed laser light source 1n
one direction on a specimen;

an array device in which are two-dimensionally arrayed a
plurality of elements whose light reflecting or transmit-
ting state can be electrically controlled;

a line-beam generating unit configured to 1mage, on the
array device, the ultrashort pulsed laser light from the
ultrashort pulsed laser light source i1n the form of a
straight line extending in a direction intersecting the
scanning direction of the light scanming unait;

an objective lens configured to image, on the specimen, the
ultrashort pulsed laser light reflected or transmitted at
the array device;

a beamsplitter, between the objective lens and the array
device, configured to split off fluorescence generated 1n
the specimen and collected by the objective lens;

a two-dimensional 1mage-acquisition unit configured to
acquire the fluorescence split off by the beamsplitter;
and

a control unit configured to control the light scanning unit
and the array device,

wherein the array device 1s disposed 1n an optically conju-
gate positional relationship with a focal plane of the
objective lens, and

the control unit performs control so as to synchronize the
light scanning unit and the array device.
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